The potyvirus Papaya ringspot virus (PRSV) is found throughout the tropics and subtropics. Its P biotype is a devastating pathogen of papaya crops and its W biotype of cucurbits. PRSV-P is thought to arise by mutation from PRSV-W. However, the relative impact of mutation and movement on the structure of PRSV populations is not well characterized. To investigate this, we have determined the coat protein sequences of isolates of both biotypes of PRSV from Vietnam (50), Thailand (13), India (1) and the Philippines (1), and analysed them together with 28 PRSV sequences already published, so that we can better understand the molecular epidemiology and evolution of PRSV. In Thailand, variation was greater among PRSV-W isolates (mean nucleotide divergence 7n6 %) than PRSV-P isolates (mean 2n6 %), but in Vietnamese populations the P and W biotypes were more but similarly diverse. Phylogenetic analyses of PRSV also involving its closest known relative, Moroccan watermelon mosaic virus, indicate that PRSV may have originated in Asia, particularly in the Indian subcontinent, as PRSV populations there are most diverse and hence have probably been present longest. Our analyses show that mutation, together with local and longdistance movement, contributes to population variation, and also confirms an earlier conclusion that populations of the PRSV-P biotype have evolved on several occasions from PRSV-W populations.
Introduction
The potyvirus Papaya ringspot virus (PRSV) is an important pathogen of papaya and cucurbits. The virus is classified into two biotypes that have virions which cannot be distinguished in serological tests, but that differ in their ability to infect papaya (Purcifull, 1984) . PRSV-P naturally infects papaya (Carica papaya) and is a major limiting factor in papaya production worldwide (Purcifull, 1984) . PRSV-W, which has a natural host range within the Cucurbitaceae and is unable to 
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widespread in Australia at least 20 years before PRSV-P appeared (Greber, 1978 ; Thomas & Dodman, 1993) . CP sequences have been determined for several isolates of PRSV-P from different parts of the world, together with a smaller number of PRSV-W isolates (Quemada et al., 1990 ; Bateson et al., 1994 ; Wang et al., 1994 ; Jain et al., 1998 ; Davis & Ying, 1999 ; Silva-Rosales et al., 2000) . Nucleotide and amino acid sequence divergence of up to 14 % and 10 %, respectively, has been reported between these isolates. Although initial data from the USA and Australia (Quemada et al., 1990 ; Bateson et al., 1994) suggested that there was little variation in PRSV within these countries, more recent, albeit limited, data from Mexico (Silva-Rosales et al., 2000) , Brazil (GenBank) and India (Jain et al., 1998) have suggested there may be greater sequence variation within other countries.
The geographical origin of PRSV is not known. Early confusion in correctly identifying PRSV, especially in cucurbits, and the lack of adequate records from many countries has made studies of the evolution and epidemiology of PRSV difficult. The relative significance of mutation and movement of the virus around the world is not clear even though it may impact on control of the virus. In this study we have determined sequence variability and derived phylogenetic relationships to investigate the distribution and complexity of PRSV populations worldwide and within two countries, Thailand and Vietnam, and we report the results of this work here.
Methods
PRSV isolates. The names and origins of isolates used in this study are listed in Table 1 . Thai isolates of PRSV were collected between 1992 and 1994 from fields in different regions of central, north and north-east Thailand where PRSV is prevalent. PRSV was not found in southern Thailand during this survey. The biotype of isolates THW03-THW08 was confirmed by host range tests. Isolates THU09 and THU10 were collected separately from cucurbits but their host ranges were not tested. Cucurbit and papaya samples showing symptoms of PRSV infection were collected throughout Vietnam between 1998 and 2000 and leaf samples were thinly sliced and dried on silica gel. PRSV infection was confirmed by PCR with specific PRSV primers and the PCR products screened by heteroduplex analysis (Chaleeprom, 1997) to provide a preliminary assessment of levels of diversity. Philippines and Indian (INU01) isolates were obtained as fresh leaf material. All cucurbit isolates of PRSV are referred to as PRSV-W ; however, those for which the biotype was not confirmed by host range tests are indicated in Table 1 .
RT-PCR. RNA was extracted from fresh or lyophilized tissue either as previously described (Bateson et al., 1994) or from 50 mg of dried tissue using an RNeasy kit (Qiagen). cDNA was synthesized from purified RNA using the complementary primer MB12A (5h GACTCAA-CAAACACACAAGCGCA 3h) as previously described (Bateson et al., 1994) . A fragment representing the PRSV CP and partial nuclear inclusion b (NIb) coding regions, was amplified by PCR from Thai, Philippines and Indian (INU01) isolates with primers MB12 (Bateson et al., 1994) and REP4 (5h GCTTCCGGAGCATCGATTGGAGGC 3h), as previously described (Bateson et al., 1994) . The CP-coding region was amplified from Vietnamese isolates in a standard PCR reaction using Taq polymerase (Perkin Elmer) and including 30 pmol each of primers MB11 (Bateson et al., 1994) and MB12A. PCR amplification conditions included an initial denaturation cycle of 5 min at 94 mC followed by 35 cycles of denaturation for 30 s at 94 mC, annealing for 30 s at 50 mC and extension for 30 s at 72 mC, with a final extension of 10 min at 72 mC.
Cloning and sequencing. PCR-amplified DNA was gel purified using a Wizard PCR Purification kit (Promega) and then cloned into pGEM-T (Promega) according to the manufacturerhs instructions. Vietnam clones were sequenced at the Australian Genome Research Facility (AGRF). Overlapping sequences were obtained using Universal primers (forward and reverse) and specific primers MB11 (Bateson et al., 1994) , MB12A, VNCP350 (5h GTG GTA TGA GGG AGT GAG G 3h) and either CPREV (5h TCT CGA TAC ACC AAA CCA TCA AGC C 3h), CPREV2 (5h TCC CCA TCC ATC ATT ACC CAA ACA CC 3h) or CPREV3 (5h GGG ATA ATC AAC TTG GGT TTC CCC 3h). DNA for sequencing of remaining clones was prepared using the Applied Biosystems Big Dye terminator kit as recommended by the manufacturer, and sequenced using an Applied Biosystems 373A DNA Sequencer. Overlapping sequences were obtained using Universal primers (forward and reverse) and the specific primers MB11, MB12A, MB26, MB6, MB13, MB14 (Bateson et al., 1994) , MB28 (5h TGG ATG GGG AAA CCC AAG TTG A3h), MB29 (5h TGC CTA AAT GTC GGA GTA GCA TGC 3h) and REP4.
Sequence analysis. Nucleotide and amino acid sequences representing the full CP-coding region of PRSV isolates were aligned using  (Feng & Doolittle, 1987) , available from  (Australian National Genomic Information Service), and  (Thompson et al., 1997) . Distances were calculated using the  program in . Neighbour-joining trees were generated using  and  (Page, 1996) using either Indian (INW, INP-BR) or Moroccan watermelon mosaic virus (MWMV, MWMV-Sudan) sequences as the outgroup. The robustness of the lineages in the phylogenetic trees was assessed from the internode lengths in the trees, by bootstrapping (Felsenstein, 1985) in  using 1000 resamplings, or by comparing the trees obtained by neighbour-joining with those calculated by the Tree-Puzzle maximum-likelihood method (Strimmer & von Haeseler, 1996 ; Strimmer et al., 1997) .
Each of the aligned sequences was examined for variations in its relatedness to the other sequences throughout its length using the  program version 2.0 (Gibbs et al., 2000) . This detects conflicting relatedness signals that result from recombination or from differential selection, and tests these signals using Monte Carlo randomization procedures so that misleading signals resulting from similarities of composition may be discounted, and ' synonymous ', ' non-synonymous ' and all differences can be examined separately.
Results

Size and complexity of the PRSV CP
We compared the CP sequences of 93 PRSV isolates, including 13 Thai and 50 Vietnamese isolates, a Philippines isolate of PRSV-P (PHP-01) and an Indian cucurbit isolate of PRSV (INU-01) for which data were generated in this study, as well as 28 other sequences that were already available ( CFHI Molecular evolution and epidemiology of PRSV Molecular evolution and epidemiology of PRSV The mean of the percentage pairwise divergence and corresponding standard deviation is shown at nucleotide (grey) and amino acid (white) levels between P isolates (P/P), between W isolates (W/W) and between P and W isolates (P/W) from Australia, Thailand, Vietnam and around the world. Numbers of isolates analysed were Australia : W (3) P (4) ; Thailand, W (8) P (7) ; Vietnam, W (22) 1). The CP-coding region of PRSV isolates ranged in size from 840 to 870 nucleotides. Nucleotide sequence differences between genomes were in multiples of three, maintaining the integrity of the reading frame and resulting in CPs of between 280 amino acids (Indian P isolate, INP-BR) and 290 amino acids (VNW-38 from central Vietnam). Interestingly, the CP-coding region of all Thai PRSV isolates was the same length, 858 nucleotides with 286 encoded amino acids, while those from Vietnam demonstrated considerable heterogeneity in CP length, at 285-290 amino acids. All differences in length were confined to the N terminus of the CP (Fig. 1) . A large number of KE repeats, previously reported in the N terminus of the PRSV CP (Silva-Rosales et al., 2000) , was found in all isolates. Most size differences occurred in one of two hypervariable regions and most resulted from differences in the number of KE repeats. Amino acid substitutions in this region were mainly conservative. The second region, of approximately six amino acids, was considerably more variable in sequence although many substitutions were still conservative. The remaining N- Fig. 1 . Alignment of the N-terminal amino acids of the CP of PRSV isolates compared to VNW43C. Sequences were aligned manually using the conserved motifs KQKE, KQK and ASDGN (indicated by a bar) as points of reference and then sorting based on similarities in the hypervariable boxes. The first ' G ' residue in the alignment is from the DAG motif. Amino acids that are the same are indicated with a ' -'. Deletions are indicated by ' * '. The ' D ' residue that is conserved in Thai P isolates is boxed.
terminal sequences were quite conserved. In the N terminus of the two Indian isolates, INW and INP-BR, which differed most from other isolates, the regions adjacent to the DAG motif and to the CP core were the same as in the other isolates. The remaining parts of the sequence were extremely variable, particularly in the INP-BR isolate which lacked much of this region.
All sequences were checked using the  method for the possibility of recombination or selection that would result in conflicting patterns of relatedness. First the 5h portion of the CP-coding region sequences that encode the repetitive and variable N termini of the CP were removed, and the analysis confined to the conserved portion that encodes, at its 5h terminus, the amino acid sequence ' GERDVNVG … 7 '. Only two related cucurbit isolates, THW-07 and THW-08, gave clear evidence of recombination. The 5h-terminal 100 nucleotides of their CP-coding region was most closely related to the same region of other Thai PRSV-W isolates, especially THW-05, whereas the central part of their CP-coding region was significantly related (Z 4n0) to sequences from PRSV isolates from other parts of the world, especially India. This anomalous relationship was only found using the synonymous differences between the sequences ; non-synonymous comparisons showed significant relatedness to other Thai isolates, but only of the 5h-terminal part of the sequence.
Sequence diversity in PRSV worldwide
When we looked at pairwise divergence between PRSV sequences from different geographical locations, we found considerable sequence variability within both P and W populations (Fig. 2) . The most divergent isolates were the Indian PRSV-W isolate, INW, and the Sri Lankan PRSV-P isolate, SRP, which were 15n2 % different from each other. The mean nucleotide sequence divergence between P isolates was 9n2 % with a maximum of 14n9 % (INP-BR\SRP), while between W isolates the mean divergence was 9n1 % with a maximum of 13n6 % (INW\THW06). At the amino acid level, the mean divergence was only 5n3 % and 5n7 % between P and W isolates, respectively, although there was as great as 11 % divergence between some isolates (INW\THW05 ; THW03\ PRP).
The nucleotide distances for all 93 isolates were used to generate phylogenetic trees and included two isolates of the related potyvirus, MWMV, as the outgroup. The number of sequences in the Australian, Thai and Vietnamese groups were subsequently trimmed to representative groups, making the trees easier to analyse without changing the general top-CFHJ M. F. Bateson and others M. F. Bateson and others ography of the tree (Fig. 3) . In the general tree, as mentioned above, the three sequences from India and Sri Lanka formed a sister cluster to all the other sequences ; in the neighbourjoining tree the Sri Lankan isolate was sister to the two Indian isolates (Fig. 3) , but in the maximum-likelihood tree they formed a trichotomy (not shown). The other isolates formed two major lineages. Those from the Americas (Brazil, Mexico, Puerto Rico and the USA) and Australia formed one, in which a cluster of Brazilian isolates and two from India formed two lineages, and the third was a cluster of Australian, Mexican and US isolates. Within the Australian\American lineage the Mexican isolates were the most diverse, suggesting that this was the population from which the Australian and USA isolates diverged. The grouping of Australian sequences within the North American clade suggests they were probably imported from there. The low level of variation in Australia (Fig. 2) suggests that this occurred relatively recently.
The other major lineage included all the isolates from South-East Asia and the Western Pacific, including Thailand, Vietnam, China, Japan and the Philippines. However, the subclustering of isolates did not correlate well with their geographical origins, and they appeared to be a single mixed population with some well-defined subpopulations. Vietnamese and Thai isolates of both P and W biotypes intermingled with other Asian isolates. All Vietnam isolates, with the exception of P isolates from south Vietnam (represented by VNP04S), diverged from a common branch that also included P isolates from Japan and Taiwan. Isolates from south Vietnam diverged with the Philippines isolate and were closely associated with several Thai W isolates as was the Chinese Molecular evolution and epidemiology of PRSV Molecular evolution and epidemiology of PRSV Fig. 4 . Neighbour-joining trees showing the relationships of PRSV sequences collected within Thailand (A) and Vietnam (B). Acronyms are followed by region within the country where the isolate was collected : N, north ; NE, north-east ; NW, north-west ; C, central ; S, south. The number of bootstrap trees (greater than 400/1000) in which particular nodes were found is shown.
isolate. P isolates from Thailand diverged together, while Thai W isolates were dispersed among other South-East Asian isolates. These relationships suggest that there has been considerable mixing and movement of isolates in South-East Asia, fitting to some degree with the relative proximity of these countries.
Our phylogenetic analyses indicate that the most diverse isolates are from the Indian subcontinent (Indian\Sri Lankan) ; they form one of the basal groups, sister to all others, and two are present in one of the major sublineages, and hence they probably represent the oldest population of PRSV and indicate that PRSV may have arisen in South Asia. The node linking all PRSV isolates to the outgroup was also consistent when analysed with zucchini yellow mosaic virus (ZYMV) as the outgroup (data not shown).
Sequence diversity within Thailand and Vietnam
We also looked closely at the molecular variability in PRSV within Thailand and Vietnam. We compared sequences from a total of 15 isolates of P and W from Thailand and found up to 10n6 % nucleotide and 10n1 % amino acid sequence divergence within the PRSV population as a whole ; however, the majority of this variability was between the cucurbit isolates (Fig. 2) . There was 5n4-9n3 % nucleotide (mean 7n6 %) divergence between W isolates that were definitively biotyped (THWF) and mean divergence of 8n2 % between the cucurbit isolates THU09 and THU10 and other PRSV-W isolates. In contrast, isolates of PRSV-P were much closer with a mean divergence of 2n6 % at both nucleotide and amino acid levels. When analysed phylogenetically, we found all isolates of PRSV-P diverged from a common branch within a diverse background of W isolates (Fig. 4A ). Interestingly the P cluster also included two cucurbit isolates, THU09 and THU10, collected from central Thailand.
Unfortunately, these isolates were not part of the original collection and the biotype was not confirmed by host range. There did not appear to be any significant grouping of P or W isolates according to region and bootstrap values for several of the nodes linking W isolates were low, suggesting uncertainty in their relationship to each other. There is strong evidence from the tight clustering of P isolates in such a variable background of W isolates that all the PRSV-P isolates in Thailand arose from a single mutation in an individual of a more ancient PRSV-W population and the resulting PRSV-P population spread throughout the country. Similarity in the N terminus, including the presence of a conserved aspartic acid residue seven amino acids downstream of DAG motif in all Thai P isolates (Fig. 1) , supports this.
In Vietnam we found a different scenario. Initial information using heteroduplex analysis to look at variability in the CP suggested there was significant sequence diversity in both PRSV-P and W isolates (results not shown). This was confirmed through sequence comparison of the CP-coding region from 29 isolates of PRSV-P and 22 isolates of PRSV-W representing south, central, north, north-east and north-west Vietnam (Fig.  2) . Between P isolates the mean divergence was 6n4 % (max. 10n9 %) and 4n1 % (max. 7n6 %) at nucleotide and amino acid levels, respectively, while between W isolates the mean divergence was only 4n1 % at both nucleotide and amino acid levels. When analysed phylogenetically (Fig. 4B) , we found that all isolates of PRSV-P from south Vietnam formed a single clade with strong support from bootstrapping (889\1000). As well, all P isolates from north Vietnam grouped together (962\1000) in a cluster which also included five of the eight central Vietnamese P isolates. The remaining central P isolates formed a third cluster although their relationship to other isolates was tenuous. Most isolates of PRSV-W from north and central Vietnam, with the exception of two north-west isolates (VNW-36 and VNW-35) and a central isolate (VNW-38), formed a single clade of closely related sequences. These isolates were collected from a range of different hosts including pumpkin, cucumber and loofah. This group also included one southern W isolate (VNW-49). The wide geographical occurrence of this sequence and the low variation suggests a recent spread of this ' strain ' throughout country. The remaining two southern W isolates grouped together with a central W isolate (VNW-38). Overall, there was greater variability in the southern isolates of both P and W compared to those from the north. While the situation in Vietnam is more complex that seen in other countries, the relationship between several W isolates (VNW-35, VN-W36) and the P isolates, supports the theory that P arises by mutation from PRSV-W on occasion.
There is also evidence, as seen in Fig. 3 , to suggest that in addition to mutation and local movement of PRSV within Vietnam, there have been introductions from other regions. This is evident from the grouping of PRSV-P sequences from south Vietnam and the Philippines, as well as the relationship between isolates of PRSV-P from Taiwan and Japan with several isolates of PRSV-P from central Vietnam.
Discussion
Much sequence variation was found within PRSV populations, but all were clearly isolates of PRSV (Shukla et al., 1994 ; Ward et al., 1995) and their differences were still less than has been reported for some other potyviruses, such as Yam mosaic virus (YMV) (Bousalem et al., 2000) , where nucleotide sequence diversity as great as 28 % has been reported. The greatest variability as well as all differences in length of the CP occurred in the N terminus of the CP ; however, there was still considerable conservation within this region. This is particularly true of the regions adjacent to the DAG motif, which is associated with aphid transmission (Shukla et al., 1994) , and the core. The fact that so much of the N terminus of the PRSV CP was conserved certainly suggests that this region has a functional or structural role, as previously suggested (Silva- et al., 2000) . There is no evidence implicating the N terminus, or any other part of the CP, in the ability to infect papaya.
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What is shaping PRSV populations?
In general, variation in PRSV is still primarily related to geographical location rather than biotype (host range) as was previously reported (Bateson et al., 1994) . The clustering of P and W isolates within regions including India, Australia, Brazil, USA, Thailand and Vietnam supports the hypothesis that PRSV-P does arise from PRSV-W by mutation, but that this occurs rarely. It is not known what factors contribute to this ; however, evidence from comparisons of full-length genomes of PRSV-P and -W in Australia suggests that this mutation involves changes to one or more single amino acids (N. Jayathilake, J. Henderson, J. L. Dale & M. J. Bateson, unpublished) . It may be that these changes arise frequently in cucurbit PRSV populations as a result of random, natural mutation but the virus is only established in papaya when there is a critical host mass such as the establishment of commercial plantations. Thus, it appears that movement of the virus around the world in cucurbits and then mutation to infect papaya is still a major factor in the molecular epidemiology of PRSV. However, at the same time, there is also considerable evidence to suggest movement of the virus in papaya. Unfortunately, the lack of sequence data for PRSV-W from many countries makes it difficult to confirm this. The relative contribution of PRSV-P to variation in cucurbit PRSV populations is not certain, as there is no evidence that PRSV-P subsequently reinfects cucurbits in the field. This is seen in the inability to detect PRSV-P in cucurbits in the field, despite extensive surveys (Gonsalves, 1998) . It is possible that following mutation, as the virus population gains fitness through selection in papaya, it may gradually lose the ability to infect cucurbits. This is supported by the apparent difficulty in mechanically inoculating some PRSV-P isolates to some or all cucurbit species. Interestingly, field transmission of PRSV-P from papaya to cucurbits has only been demonstrated in a single experimental trial where cucurbits were grown near a field of PRSV-P infected papaya in Australia (Persley, 1998) and was attributed to the isolate being a new mutation.
In addition to natural mutation, recombination has been reported to contribute significantly to the generation of sequence diversity in a number of plant virus families (reviewed in Garcia-Arenal et al., 2001 ). When we looked at the possible influence of recombination in PRSV populations, we found only a single, definite crossover event in all of the sequences studied. This is similar to that reported for a natural population of Plum pox virus (Cervera et al., 1993) . Few data are available for recombination in natural potyvirus populations, although recently multiple recombination events were identified in YMV populations (Bousalem et al., 2000) . Based on analysis of the CP, it would seem that recombination is much less significant than movement and mutation in the molecular evolution of PRSV. However, recombination may be more frequent in other regions of the genome.
The origin of PRSV
From this study, there is evidence that PRSV may have arisen in Asia and, based on analysis of available sequences, this appears to be in the region of the Indian subcontinent (India\Sri Lanka). As discussed above, there is also significant, albeit somewhat circumstantial, evidence from numerous sources that PRSV is primarily a pathogen of cucurbits. This is also supported by the diversity of cucurbit-infecting potyviruses and virus isolates that are serologically related to PRSV (Quiot-Douine et al., 1990 ), a situation not seen in papaya. It is interesting to note that PRSV has not been reported from southern Africa while MWMV, which is phylogenetically closer to PRSV than to other cucurbit potyviruses (Lecoq et al., 2001) , has been found predominantly only in Africa (North and South) and Europe (Quiot-Douine et al., 1990) . This relationship supports the hypothesis that PRSV originated in cucurbits somewhere in the region that extends between North Africa and India. This is also in agreement with the origin of many cucurbits in Africa and Asia [Cucumis sativus (cucumber), Benincasa hispida (wax or white gourd), Luffa and possibly Cucumis melo] (IBPGR, 1983) . It is possible that PRSV may have then gone into papaya in this region when papaya arrived in the Indo\China region in the 16th-17th century (Purseglove, 1968) .
Mexico also appears to have a pivotal role in the epidemiology of PRSV. The grouping of different Mexican isolates with those from Australia, USA and Puerto Rico and the level of divergence seen between the Mexican P isolates certainly implicates Mexico in the spread of PRSV to these countries. It may be significant that three of the four genera of the Caricaceae, including Carica, are native to tropical America (Purseglove, 1968) . However, the relative role of papaya and cucurbits in the spread of PRSV from this region is unknown, although in Australia it appears to have been through cucurbits, as PRSV-W was present for at least 20 years before PRSV-P was reported (Greber, 1978 ; Thomas & Dodman, 1993) . Unfortunately, no sequence data for PRSV-W from Mexico are available.
Ultimately, the origin and epidemiology of PRSV can only be further defined with the generation of more sequence data for isolates of PRSV-P and -W within different countries, particularly South America, North Africa, the Middle East and India.
Variation within countries
Previously, there have been very few studies looking at sequence variability in PRSV from different countries\regions and most reports have suggested relatively low levels of variation within these regions (Silva-Rosales et al., 2000 ; Davis & Ying, 1999 ; Bateson et al., 1994) . As well, much of this data CFID M. F. Bateson and others M. F. Bateson and others has been for P isolates. The only comparison of W isolates from a single country was from Australia (Bateson et al., 1994) where there was less than 2 % variation. In contrast to this, Jain et al. (1998) reported very high sequence variation between a single P and W isolate from India ; however, there was no information on the variability within Indian P or W populations. It is now clear that there are high levels of sequence variation in PRSV within many countries. Here we have demonstrated, for the first time, much higher levels of variation in W populations within a single geographical region. In Thailand, particularly, variation in W isolates is not a single highly divergent sequence but a highly variable population of sequences, suggesting that the virus has been present and evolving for some time in cucurbits in that country. This also appears to be true for W isolates in Vietnam, although the level of variation was lower. In contrast, variation in PRSV-P differed markedly in these countries. In Thailand variation in P was low and could be attributed to a relatively recent mutation, which fits with the first report of PRSV-P in Thailand (Srisomchai, 1975) ; however, in Vietnam, variation was much greater, apparently the result of introduction from other countries. It appears that the profile of variation will be different in each country. This can be attributed to the relative contribution of natural variation, mutation to infect papaya and movement of isolates, all of which will be influenced by proximity to and interaction with other countries, and agronomic practices which may enhance the opportunity to change host. In a practical light, the complex scenarios and high levels of divergence in PRSV in different countries will pose a significant challenge to control of the virus. The success of many current control strategies being used against PRSV, particularly genetically engineered resistance (reviewed in Gonsalves, 1998 ) and mild strain cross-protection (Yeh & Gonsalves, 1994 ; Rezende & Pacheco, 1998) , relies on low sequence variation within the countries\regions being targeted (Tennant et al., 1994) and the continued exclusion of isolates with greater variability. This may be achieved in countries such as Australia, where low variation already exists in both P and W populations and where effective quarantine and restriction on movement of infected material can be adequately ensured (Thomas & Dodds, 1993) . However, in other countries, the success of particular control methods may differ depending on their individual PRSV profiles. Even where divergence in PRSV-P is low, highly divergent cucurbit populations may act as potential reservoirs of new P sequences, while exclusion of isolates may also be more difficult where countries are in close proximity.
